
Wing Spar Modification Kit 



BACKGROUND OF THE INVENTION 
1* Field of Invention 

The invention relates to the field of fixed-wing aircraft. More particularly, the invention 
5 relates to the various models of Lake amphibious aircraft, as manufactured by Aerofab, Inc.. 
More particularly yet, the invention relates to a device for strengthening wing spars on such 
aircraft. 

2. Description of Prior Art 

Forces exerted on the wings of aircraft during landing impose stresses on the wing 
10 structures. These stresses are even greater on wing structures of amphibious aircraft during 
water landings because the shock-absorbing devices that are integrated into the landing gear 
are not available when landing on water. It has been determined that the method of wing spar 
attachment used in certain Lake amphibious aircraft models may result in cracks in the wing 
spar, specifically, in the wing spar cap and wing spar attachment bolt-holes. The wing spar 
15 serves to attach the wing to the aircraft fiiselage and these cracks have the potential to cause 
separation of the wing from the fijselage during flight, with obvious deleterious consequences. 

Due to the seriousness of a wing spar structural failure, the Federal Aviation 
Administration(FAA) issued an airworthiness directive (AD) for the wing spar on the Lake 
models of amphibious aircraft, directing that the referenced aircraft be repaired or modified 

20 within a specific timeframe in accordance with the AD. The particular problem to be solved 
was the elimination of the structural deficiencies of the wing attachment due to cracks 
initiating at a machined notch at the flange termination point of the wing-spar cap angle. One 
correction proposed was frequent inspection and replacement of the wing-spar cap angle upon 
the detection of cracks. This solution is, however, very costly and time-consuming — it being 

25 a very labor-intensive and time-consuming task to replace parts of the wing spar, with a typical 
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cost of $40,000. An alternative to that first approach is to physically strengthen the wing spar 
prophylactically by, for example, adding an additional layer of metal to the vulnerable element. 

In the field of aircraft manufacturing, the application of an additional layer of material, 
commonly called a "doubler," as a means of reinforcing a structural component is well known. 
5 For example, Cox (U.S. Pat. No. 4,984,347) describes a means of attaching a doubler to the 
damaged skin of an airplane as a means of reinforcing the damaged area. Welch et al. (U.S. 
Pat. No. 5,975,237) describes the use of a doubler for the purpose of reinforcing an acoustic 
panel for installation in the nacelle of a jet engine. Although both of these doubler inventions 
serve to strengthen aircraft elements, neither provides a solution to the specific problem at 
10 hand, which is not as straightforward as slapping more metal on the spar. 

When using a doubler to modify a primary structural element, it is critical that the 
strength and rigidity properties of the doubler and the structural element complement each 
other. For example, a doubler-strap that is too rigid or has greater strength than the 
underlying element may itself cause stresses on the element and introduce additional sources of 

15 cracking and structural weakness. Conversely, a doubler-strap that is too flexible or has less 
strength than the underlying element will not provide the additional strength and reinforcement 
that is required. Without access to comprehensive engineering data on the components to be 
strengthened and on its related flight elements, it can be very diflBcult to determine the proper 
strength characteristics required in a doubler without having to carry out a lengthy testing 

20 process that may also include destructive tests and, consequently, be very costly because of 
the material costs. 

A fiirther difficulty in constructing a doubler-strap modification kit to solve the 
particular problem at hand is that there are a number of different aircraft models v^th wing 
spars that required strengthening, with dimensions of the area requiring strengthening varying 
25 with model, and to a lesser extent any individual plans of a particular model. It is desirable for 
obvious economic and safety reasons to have a strap that could be installed on all aircraft units 
requiring treatment. 





Another factor that must be taken into account in developing a doubler as a means of 
structural reinforcement of a wing spar is the problem of corrosion. In order to serve its 
intended purpose, the wing-spar doubler must be resistant to any corrosion that could lead to 
structural weakness. This becomes a critical issue with amphibious planes, the wings of which 
5 may be expected to be regularly exposed to salt water to a degree not found in the non- 
amphibious planes that make up the vast majority of the world's aircraft. Salt water heightens 
the electro-voltaic eflFect that is present whenever dissimilar metals are in contact with one 
another. 

Finally, as a safety issue, as well as an economic issue, the doubler reinforcement must 
10 be simple to install. Preferably, the doubler should be able to be installed using standard tools 
that are readily available at airplane maintenance facilities, and not require special skills beyond 
those of ordinary airplane maintenance personnel. In addition, it must be easily determinable 
upon a simple post-installation inspection that the doubler has been properly installed. 

What is needed, therefore, is a cost-eflBcient effective means of strengthening the wing 
15 spars on all models of Lake aircraft. What is fiirther needed is a modification that can be 

retrofitted to any model of Lake aircraft, properly and easily, with a minimum of disassembly 
and without causing collateral damage to other installed parts. What is yet fiirther needed is 
such a modification that will provide a long-term solution to the wing spar cracking problem, 
that will not cause additional structural problems, and that is corrosion-resistant in a sea water 
20 environment and not subject to harmful electro-voltaic effects. 



SUMMARY OF THE INVENTION 



It is an object of the present invention to provide a simple-to-install doubler 
modification kit for strengthening the wing spar on Lake aircraft models. It is a yet fiirther 
object of the invention to provide such a kit that will strengthen the wing spar for the service 
25 life of the aircraft, without introducing additional structural problems. 




These objects have been achieved in the present invention by providing a doubler-strap 
modification kit comprising an upper and a lower doubler-strap of specific configuration and 
constitutions, a filler- strap for each doubler-strap, and a plurality of bolts, rivets, nuts, and 
washers to attach the doubler-straps to the wing spar. The wing spar on the aircraft comprises 
5 a wing spar web and two wing-spar cap angles, one on each side of the in-board end of the 
web. Each doubler-strap and filler-strap has a series of bolt-holes that corresponds precisely 
to the pattern of wing attach bolt-holes in the Lake wing spar web. The holes in the doubler 
and filler-straps are drilled with the same drilling fixture used to drill the holes in the wing spar 
itself so as to achieve a very high degree of precision with the same size for all matching holes. 
10 Each doubler-strap also has an additional bolt-hole on the inboard end of the strap that 
corresponds to a bolt-hole on the wing-spar cap angle. 

differences in dimension between the surfaces of the wing spar web and the wjng^ar cap 
rfi angle along which the doubler-strap is to be installed. When in^aJledTlfie filler-strap of the 

15 present invention — which also has a series of^olt^iples-tl^jOT^ match the respective 
pattern of holes in the wing spar web ^>lies^at along/the ed^ of and in direct contact with 
the v^ng spar web; the doubler-stfap is placed on top Wtl^^Uer so that it lies flat along and 
in direct contact wifh-lfiefiller and extends onto and lies flat against the wing-spar cap angle, 
i n When thg^btJlWioles in the wing spar web, filler-strap, cap angle, and doubler-strap are 

i 3 20 ^gffofieriy-aiigne d ;- th e dou bler-^rapas^Qlted -an d riv e t e d 4o-th e^\4flg-spaf- w cb and cap ongl o . - 



A filler-strap may be made of a material different fi*om that of the doubler, for reasons 
of cost-effectiveness or for structural reasons. In the present invention, the web spar web is 
made of aluminum, so the filler-strap is also made of aluminum, to eliminate the danger of 
corrosion on the web spar resulting fi'om contact between dissimilar metals. The doubler- 
25 strap, is made of steel for structural reasons. Direct contact between the aluminum filler-strap 
and the steel doubler-strap, however, introduces the risk of corrosion on these two parts, 
thereby exacerbating concerns of prolonged structural integrity. To counter this problem, the 
doubler-strap is coated with a protective coating, either Midrofin Allseal or preferably 
SermeTel ® 5380DP, and the filler-straps are coated with an alodine conversion coating and 
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then a primer coat. This eflFectively eliminates direct contact between the dissimilar metals, 
and, furthermore, decreases the risk of corrosion arising from salt water environments. 
Furthermore, the aluminum filler-strap, which is more easily replaceable than the doubler- 
strap, will corrode before the doubler-strap. 

5 In order to construct a doubler-strap that could be used on all Lake model aircraft, the 

engineering data and drawings — including change orders generated over the past 50 years — 
and the results of various structural and fatigue analyses conducted on the aircraft wings were 
studied to determine the doubler-strap material and dimensions required to provide the needed 
wing-spar strengthening. A main difficulty was determining the proper dimensions to ensure a 

10 single-size doubler would fit all aircraft. In the course of solving the problem, it was 

determined that the initial doubler-strap prototype was too short and, although it would have 
solved the initial cracking problem on the wing-spar cap angle and would have satisfied the 
universality condition, was likely to cause additional cracking on the Aving spar web in the area 
around the first outboard wing-attach bolt-hole. To solve this problem, the doubler and filler- 

15 straps were lengthened so as to extend fiirther in the outboard direction and the minimum size 
of rivets used to attach the straps to the wing spar between the first outboard wing attach bolt 
and the outboard end of the strap, in addition to the bolts in the wing attach bolt-holes, was 
increased to AD6. 

Further, it was determined that a single rectangular shape was inappropriate, since it 
20 was introducing additional and parasitic stresses onto the wing-spar cap angle. The wing spar 
is attached to a root rib that is then attached to the airplane body. The root rib is tipped 
outward relative to a central vertical plane of the aircraft, i.e., the upper inboard edge of the 
wing is farther from the central vertical plane than is the lower inboard edge of the wing, and 
the inboard end of the wing spar is angled correspondingly. In order to ensure that the 
25 doubler-strap does not push against the wing-spar cap angle and introduce new stresses, the 
inboard end of the doubler-strap of the present invention is angled to correspond to the angle 
of the wing spar. Because this angled inboard end introduced a directionality, the modification 
kit had to be provided as a right-wing kit and a left-wing kit. It was discovered that the filler 
and doubler-straps could be installed incorrectly, resulting in an interference between the 




doubler-strap and the wing-spar cap angle that was almost impossible to perceive because the 
intervention is most readily discernible when the straps are being laid in place and ascess to the 
area for visual inspection is eflfectively blocked by the arm of the person installing the parts. 
Once the parts are in place and the visual inspection is possible, the interference is eflfectively 

5 hidden from view. Although the interference was minor, it could have serious effects in the 
longterm on the airworthiness of the aircraft. In order to ensure that the doubler-strap is 
installed correctly, the right wing and left wing doubler and filler-straps are given part numbers 
that identify the parts as right wing or left wing parts. The particular part number is stamped 
on the "face forward" side of the strap, i.e., the side that faces toward the person installing the 

10 strap. Assembly instructions instruct that the part number must be legible on the forward side 
of the wing spar by the person installing the strap for the part to be installed correctly. 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a partial view of a wing attached to the fuselage of an airplane (prior art), 

showing the location of the access hole for retrofitting a doubler kit according 
15 to the present invention on a wing spar. 

FIG. 2 shows a perspective view of the inboard end of the wing spar (prior art) as 

viewed through the access hole. 

FIG. 3 shows a perspective view of the inboard end of an isolated wing spar (prior 

art), with the side of the wing spar that faces the leading edge of the wing 
20 facing up. 

FIG. 4A shows the upper doubler-strap and upper filler-strap of the present invention. 



FIG. 4B 



shows the lower doubler-strap and lower filler-strap of the present invention. 




FIG- 5 shows the isolated wing spar shown in FIG. 3, with the upper filler-strap of the 

Preferred Embodiment of the present invention in place for installation and 
rivet holes drilled through the wing-spar web 6. 

FIG. 6 shows a perspective view of the isolated wing spar with the upper filler-strap 

5 and upper doubler-strap of the present invention in place, showing bolts and 

rivets reading for insertion. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE 
INVENTION 

FIG. 1 shows a partial view of a wing 21 attached to a fuselage 20 of an airplane that 
10 is indicated only schematically. The wing 21 has an inboard end 21A, Le,, the end of the wing 
21 attached to the fiiselage 20, an outboard end 2 IB, a leading edge 23, and a trailing edge 
24. The wing 21 shown here is merely representative of those assembled in the models of the 
Lake amphibious aircraft, and is not intended to illustrate details of the shape or formation of 
the wing. Also shown in this view is an access hole 30, which provides access to some 
15 internal wing components at the inboard end 21 A of the wing21. 

FIG. 2 is a perspective view through the access hole 30, showing wing components as 
viewed when the line of sight is into the access hole 30 and skewed slightly toward the inboard 
end 21 A and the trailing edge 24 of the wing. Visible is an inboard end of a wing spar 
assembly comprising a wing-spar web 6 and a wing-spar cap angle 7. The cap angle 7 has a 
20 flange 7 A that rests on the inboard end 21 A of the wing-spar web 6 and is bolted to the wing- 
spar web 6 and a root rib 22, 

FIG. 3 shows a perspective view of an isolated wing spar assembly. A face forward 
side 6C, ue., the side of the web 6 that faces toward the leading edge of the wing, is shown. 
The wing-spar web 6 has an upper web edge 6A and a lower web edge 6B. Located on the 




respective upper and lower web edges 6A, 6B are five %" wing-attach bolt-holes 8, including 
a first outboard wing attach bolt-hole 8A. A Vi^" flange bolt-hole 7B is provided through the 
cap angle flange 7A and at a matching location beneath the flange 7A through the wing-spar 
web 6. 

FIG 4 A shows elements of the Preferred Embodiment of the present invention: a 
lower doubler-strap 1, and a lower filler-strap 3; FIG. 4B shows an upper doubler-strap 2 and 
an upper filler-strap 4, also according to the Preferred Embodiment. As can be seen, wing- 
attach bolt-holes 5 are provided in each of the doubler-straps 1, 2 and the fidler-straps 3, 4. 
These wing-attach bolt-holes 5 correspond in size and alignment to the wing-attach bolt-holes 
8 through the wing-spar web 6, shown in FIG 3. A cap-angle bolt-hole 5A is provided 
through an inboard end lA of the upper doubler-strap 1 and also through an inboard end 2A 
of the lower doubler-strap 2. These cap-angle bolt-holes 5 A corresponds in size and 
alignment to the flange bolt-hole 7B on the respective end of the cap angle 7. 

The upper and lower doubler-straps 1, 2 are constructed to fit all models of Lake 
aircraft. Thus, for example, all lower doubler-straps 1 have the same lower-strap width, 
length, and thickness dimensions, regardless of which airplane model they are to fit, and all 
upper doubler-straps 2 have the same upper-strap width, length, and thickness dimensions. 
The lower filler-straps 3 and the upper filler-straps 4, on the other hand, have a thickness 
dimension that depends on the particular model of aircraft, or rather, the particular wing 
model, into which they are to be installed. In the Preferred Embodiment, both doubler-straps 
1, 2 are made of 4340 steel and heat treated to 180,000 psi, and have a thickness of 
approximately ^/^g". The approximate overall dimensions of the lower doubler-strap 1 are 9 V4" 
by VA", and those of the upper doubler-strap 2 are 8 ^V^" by 1 V4". The approximate overall 
dimensions of the lower filler-strap 1 are 8 Vig" by VA" and those of the upper filler-strap 2 are 
7*V by IVi". 

In the Preferred Embodiment, each of the filler-straps 3, 4 is made of 2024-T3 
aluminum and treated with an alodine conversion coating, and then painted with a coating of 
epoxy primer to protect against corrosion. Each of the doubler-straps 1, 2 is treated with a 





SermeTel ® coating protecting them from corrosion arising from electro voltaic effects 
(contact of dissimilar metals) and/or from exposure to a sea water environment. The iimer 
walls of the bolt-holes 5, 5A, 7B, and 8, as illustrated by way of example by bolt-hole irmer- 
wall 5C in FIG 1, are not coated, so as to maintain the tight tolerances called for. These holes 
5 are close-tolerance wing-attach bolt-holes with tolerances of +0.003 inch and are plugged 
during the coating processes to prevent the coating being applied to the inner walls. 

As can be seen in FIGS, 4A and 4B, the inboard end lA of the lower doubler-strap 1 
has an inboard-end angle la and the inboard end 2A of the upper doubler-strap 2 has an 
inboard-end angle 2a. In the Preferred Embodiment the inboard-end angle la on the lower 

10 doubler-strap 1 is approximately 6° and the inboard-end angle 2a on the upper doubler-strap 2 
is approximately 5"". These angles correspond with the angle of the cap-angle flange 7A 
relative to the length dimension of the wing-spar web 6, so that the lower doubler-strap 1 and 
the upper doubler-strap 2 can fit against or close to the cap angle 7 without causing additional 
stress to the cap angle 7 or other wing components as a result of undue force applied by the 

15 respective doubler-strap 1, 2. As can be seen in FIG. 3, the cap-angle flange 7A exists on the 
face forward side 6C of the wing spar web 6 and, therefore, the cap angle 7 and the wing spar 
web 6 together do not provide a flat surface on which to place the doubler-straps 1, 2. FIG. 5 
shows the upper filler-strap 3 in place for installation on the upper edge 6A of the wing spar, 
as well as an upper series of rivet holes 11 A and a lower series of rivet holes IIB that have 

20 been drilled through the wing-spar web 6 and the corresponding filler-strap, 

A Preferred Embodiment of the modification kit includes the lower doubler-strap 1 and 
the upper doubler-strap 2, the lower filler-strap 3 and the upper filler-strap 4 for the particular 
aircraft, a plurality of wing-attach bolts 9 and a cap angle bolt 9A, a plurality of AD 6-22 
rivets 10, and a plurality of nuts and washers (not shown) to secure the bolts. FIG. 6 shows 
25 the same assembly as shown in FIG 5, with the upper doubler-strap 1 placed along the upper 
filler-strap 3 and on the cap-angle flange 7A. As mentioned above, the root rib 22 of the 
aircraft is tipped outward so that an upper end of the rib 22 is farther from a central 
longitudinal axis of the airplane than is a lower end of the rib 22. Thus, the upper edge 6 A of 
the wing spar web 6 is shorter than the lower edge 6B. For this reason, the upper series of 
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rivet holes 11 A has five holes and the lower series of rivet holes IIB has seven holes, as 
illustrated in FIG* 5. Both the upper and lower series of rivet holes 11 A, IIB are drilled 
through the wing-spar web 6, the respective upper or lower filler-straps 3, 4 and doubler- 
straps 1, 2 during the retrofitting or installation process — preferably by clamping or fastening 
the filler-straps 3, 4 onto the respective upper or lower edge of the wing spar web 6 and then 
back-drilling through the wing spar web 6 through the filler-straps 3, 4. The filler-straps 3, 4 
are then removed fi*om the wing spar web 6 and the locations of the rivet holes 11 in the 
particular left-wing or right-wing, upper or lower filler-strap 3, 4 carefijlly transferred to the 
respective right-wing or left-wing, lower doubler-strap 1 or upper doubler-strap 2 and the 
upper and lower series of rivet holes 11 A, IIB drilled accordingly through the respective 
upper doubler-strap 2 and lower doubler-strap 1. 

The lower doubler-strap 1, upper doubler-strap 2, lower filler-strap 3, and upper filler 
strap 4 are printed with a part number on the "face forward" side of the respective part, so that 
when the part is oriented for installation on the face forward side 6C of the wing spar web 6, 
the part number is readily visible to the the person installing the straps. This ensures that a 
left-hand or right-hand modification kit is properly installed on the wing spar. 

The embodiment mentioned herein is merely illustrative of the present invention. It 
should be understood that variations in construction and installation of the present invention 
may be contemplated in view of the following claims without straying fi-om the intended scope 
and field of the invention herein disclosed. 
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